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1. A manufacturing company regularly conducts quality control checks at specified
periods on the products it manufactures. Historically, the failure rate for LED light
bulbs that the company manufactures is 2%. Suppose a random sample of 12 LED
light bulbs is selected. What is the probability that
a. exactly one of the LED light bulbs is defective? (5%)

b. two or fewer of the LED light bulbs are defective? (5%)

2. Suppose X; be a random variable from an independent and identical distribution,
i=1, 2,..., n., and X;=1 with mean p and variance c* Let
Y= Zw,.X, , WhereZw, =land w, ;t—l—, and Z= lZX,.
i=1 i=1 n n g
a. Compute the variance of Y and Z. (10%)
b. Are they unbiased estimator? Which one is more efficient? (10%)

3. You plan to conduct a marketing experiment in which students are to taste one of
two different brands of soft drink. Their task is to correctly identify the brand
tasted. You select a random sample of 200 students and assume that the students
have no ability to distinguish between the two brands. (Hint: If an individual has
no ability to distinguish between the two soft drinks, then the two brands are
equally likely to be selected.) ’

a. What is the probability that the sample will have between 50% and 60% of the
identifications correct? (5%)

b. The probability is 90% that the sample percentage is contained within what
symmetrical limits of the population percentage? (5%)

¢. What is the probability that the sample percentage of correct identifications is
greater than 65%? (5%)

d. Which is more likely to occur—more than 60% correct identifications in the
sample of 200 or more than 55% correct identifications in a sample of 1,000?
Explain. (5%)
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4. The variable, X, is defined as the number of affairs within last year from R.C.
Fair(1978), “A Theory of Extramarital Affairs,” Journal of Political Economy 86,
45-61. The summary statistics and frequency table obtained from excel are as

follows:

X ) X Frequency
0 451
Mean 1.455907 1 34
Median 0 2 17
Mode 0 3 19
standard deviation 3.298758 4 0
Variance 10.8818 5 0
Minimum 0 6 0
Maximun 12 7 42

number of observations 601 8
9 0
10 0
11 0
12 38

a. What assumptions must be made in order for X to be distributed as a Poisson
random variable? Are these assumptions suitable for X? (10%)

b. Using Poisson distribution, what is the (expected) probability that the number
of affairs within last year is zero? Compared the number with median, what is the
problem? Explain. (10%) '
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5. Four experts rated two brands of coffee in a taste-testing experiment. A rating on a
7-point scale (1 = extremely unpleasing, 7 = extremely pleasing) is given for each
of four characteristics: taste, aroma, richness, and acidity. The following data

contain the ratings accumulated over all four characteristics:

BRAND
EXPERT A B
C.C. 24 26
S.E. 27 27
E.G. 19 22
B.L. 24 27

a. At the 0.05 level of significance, is there evidence of a difference in the mean
ratings between the two brands? (5%)

b. What assumption is necessary in order to perform this test? (5%)

c. Construct and interpret a 95% confidence interval estimate of the difference in

the mean ratings between the two brands.  (5%)

6. What makes sales leaders tick? Mercuri International conducted a study to explore
 sales strategies, processes, and support systems within businesses. Organizations
were categorized by sales performance level (top performers vs. middle
performers vs. bottom performers) and extent to which the organization invests in

customer satisfaction. Results were organized into the following table.

SALES PERFORMANCE LEVEL

LEVEL OF

INVESTMENT Top Middle Bottomn  Total
Annually 53 318 44 104

LEvery 24 years 40 245 23 721

Never 1 158 34 101
Total 104 721 101 926

Source: “Sales Excellence Survey 2017, available at bitly/2qRYna2.
At the 0.05 level of significance, is there evidence of a significant relationship
between sales performance level and level of investment in customer satisfaction?
(15%)
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Table 1: Table of the Standard Normal Cumulative Distribution Function &(z)

£ 6 A 'H 4 A

W [ERE] %

[ = [ 000 001 0.02 [ 0.03 004 | 0.05 U.08 [ 0.7 D08 0.00
54 || 0.0008  0.0002  0.0003 | 0.0003 0.0008 | 0.0003 0.0003 | 0.0003 0.0003 0.0002
.23 || 0.000S 00005 00005 | 0.0004 0.0004 | 0.0004 0.0004 | D.0004 0.0004 00003
.32 || p.ooor o0.0007  0.0006 | 0.0006 0.0006 | 0.0006 0.0008 | 0.0005  0.0005  0.0005
.21 || o016 00008 00000 | 0.0ODD  06.0008 | 0.0008  0.0008 | 0.0008  0.0007  0.0007
3.0 || 0.0tz  pooiz  o0.w018 | 00012 0.0012 | 00011 0.0011 | 00011 0.0010  0.0010
7.0 [[ 0.0010  0.0018  0.0018 | 0.00i7 U.00i6 | 0.00i16 0.00i5 | 0.0015 0.0014  0.0014
2.8 || o.oozs w0025 0,004 | 0.0023 00023 | 0.0022 0.0031 | 0.0024 00020 0.0019
27 || o035 0.0034 0.0023 | 00032 0.0031 | 0.0080 0.0029 | 0.0028 0.0027 0.0026
2.6 || 0.0047 0.0045 0.0044 | 00043 00041 | 0.0040 0.0039 | 0.0038 0.0037  0.0036
2.5 || o.oos2 v.ooso  o.ooso | o.oos7 00055 | 00054  0.0052 | 0.0051  0.0049  0.0048
5.4 || 0.0082 U.0080  0.0078 | 0.007%  0,0073 | 0.0071  0.0060 | 0.0068  0.0066  0.006%
2.3 || o.o107  D.0104  ©0.0109 | 0.0089 00096 | 0.0094 . 0.0001 | 0.00B9  0.0087  0.0084
2.2 || c.o1z3a 00136 00132 | 0.0120 00125 | 00122 0.0110 | 0.0116 0.0113 0.0110
21 || cootrs 00174 o0.0170 | 0.0166 00162 | 0.0158 0.0151- | 0.0150 0.0146 00143
-2.0 || 00228 0.0222 0.0917 | 0.0212 0.0207 | 0.0202  0.0197 | 0.0192 0.0188  0.0188
19 || 00287 0.0381 D.0374 | 0,0268 00263 | 0.0256 0.0250 | 0.0244  0.0230  0.0233
.1.8 || 00850 o0.0351 00344 | 0.0338 00326 | 0.0322 0.0314 | 0.0807 0.0301 0.0294
1.7 || o.0448 ©D.0438 o0.0427 | 0.0418 00409 | 0.0401 0.0332 | 00384 0.0375  0.0367
1.6 || 0.0548 00337 00526 | 0.0518 0.0505 | 0.0495 ©0.0485 | 0.0473 0.0485  0.0455
1.5 || noee8  0.0635  0.0643 | 0.0830  0.0618 | 0.0606  0.0594 | 0.0582  0.0571  0.0550
J1.d || 0.0808 0.0793 0.0778 | 0.0764  0.0740 | 0.0785  0.0721 | 0.0708  0.0604  0.068{
1.6 || 00968 0.0951 0.0924 | 0.0948 00001 | 00885 0.0869 | 0.0853 0.0838  0.0823
.12 | 0.115% 04131 04113 | 01092 0.1075 | 01058 0.1038 | 0.1020 0.1003  0.0885
1.1 )| 04357 01335 04814 | 0.4992 013271 | 04251 0.1230 | 01210 01190  0.1170
-1.0 || 0assr  o0.1%62 0.539 | 0.1515  0.4402 | 0.1468  0.1445 | 0.1433  0.401  0.1870
0.0 | 01841 0.1814 0.1788 | 0.1769  0.1736 | 0.1711 0.1685 | 0.1660 0.1635  0.1611
.08 || 0.2119 02000 0.2061 | 0.2033 02005 | 04977  0.1049 | 0.1922 0.1804  0.1867
-07 || 0.2420 ©D23s9 02358 | 0.2327 02208 | 0.2266 02236 | 0.2206 0.2177  0.2148
0.6 || 02743  o.2708  0.2676 | 02643  0.2611 | 0.2578 02546 | 0.9514  0.2483  0.2451
0.5 || 0.5085 o0.3050 0.8015 | 02081 02046 | 0.2042  0.2877 | 0.9843  0.9810  0.2776
04 [ 0.3946 0.3400  0.3373 | 0.3336 08300 | 0.3264  0.3228 | 0.3192 0.3156  U.31%1
-0.8 || 03821 D0.2783  0.8745 | 0.3707 0.3660 | 0.3632  0.3594 | 0.3557  0.3520  0.34883
-0.2 || 0.4207 0.4168 0.4129 | 0:4000 0.4052 | 0.4013 0.3974 | 0.3936  0.3837  0.3850
0.1 || 04602 0.4562 0.4522 | 0.4483 04443 | 04404 0.4364 | 0.4325 04286  0.4247
0.0 || 05000 0.4960 D0.4920 | 0.4880 0.4840 | 0.4801  0.4761 | 0.4731  0.4881  0.4641
0.0 || 0.6000 0.5040 ~D.5080 | 0.5120 0.5160 | 0.5180  0.5230 | 0.5278  0.5310  0.5350
0.1 || 0308 0.5438 05478 | D.B5LY 05557 | 0.5506 0.5686 | O.BEVE  0.6714 05758
0.2 || osves  o0.5sz2  0.871 | 05010 05048 | 05987  0.6026 | 0.6064 0.6103  0.6141
0.3 || 0.6178 0.6217 0.5255 | 0.6203 D0.6331 | 0.6368  0.6406 | 0.6443 0.6480  0.6517
0.4 || 0.6554 o0.8591 0.6628 | 0.6664 0.6700 | 0.6786 06772 | 0.6808  0.6844  0.6879
0.5 [ 0.6015 0.6950 0.6085 | 0.7018 05054 | 0.7088  0.7123 | 07167  0.7190  0.7224
0.6 || o257 07201 07324 | 07357 04389 | 07422  0.7454° | 0.7486 O.¥517  0.7549
o7 || orssc  ore11 - o642 | orera  OTD4 | 04734 Q7764 | 07794 07823 07852
0.8 || 07881 07910 o©0.7039 | 04987 07005 | 0.8023 0.8031 | 0.8078 0.8108 0.8133
o0 || D'si5 0.8186 0.8212 | 0.8238 0.8264 | 0.8289  0.8315 | 0.8340  0.8365  0.8389
1.0 [ 08413 0.8438 0.8461 | 0.8485  0.8508 | 08531 0.8563 | 0.8577  0.8599  0.8621
11 || o'8sd2  0.8665 = 0.8686 | D.B708  0.8720 | 08749 0.8770 | 0.8790 0.8810  0.8830
1.2 || o884y o0.8860 0.8888 | 0.8007 0.8925 | 0.8044 0.8062 | 0.8080 0.8997  0.9015
1.3 || 00033 0.9040 09066 | 0.0082 0.0009 | 0.9115 0.9131 | 0.89147 09162  0.9177
14 || op102° 09207 0.0222 | 0.9236 0.9251 { 09265 0.9279 | 0.9282  0.9306  0.0310
1.5 || 0.0333 0.0345 0.0357 | 0.0370 0.0882 | 0.0304  0.0408 | 0.0418 0.0420 0.0441
1.6 || 00452 00468 0.9474 | 0.9484 00495 | 0.9508 0.9515 | 0.9535  0.9535 0.0545.
17 || oossd  o0.0564 09373 | 0.0582 0.09591 | 09599 0.9608 | 0.9618 0.9625 0.9633
1.8 || 0.pedt 00840 0.0656 | 0.9664 ©0.0671 | 09678 0.9686 | 0.0603 0.0690  0.9706
10 || oioris oO.o71s  ©0.0726 | 0.9739 05738 | 0.9744  0.9750 | 0.9756  0.9761  0.0767
50 [ 0.0773 D.0778 0.0783 | 0.0788 0.0703 | 0.079§5  0.0803 | 0.0808 0.9812 0.09817 |
2.1 || o821  o0.8826 09830 | 0.9834 0.9838 | 0.9842 0.9846 | 0.0850 0.9854  0.9857
2.0 || 00861 09864 00868 |10.9871 0.0875 | 0.0878 0.088L | 0.0884 0.9887  0.0890
53 || p.osos 00806 00898 | 0.9901 05004 | 0.9906 ©0.0509 | 0.99i1 0.0913  0.9916
94 || oles18  0.9020 o0.9922 | 08925 0.0027 | 00920 00931 | 0.0932 0.0934 0.9936
55 00038 0.0040 0.0041 | 0.0043 0.0045 | 00046 0.0048 | 0.9949 00951  0.0052
26 || ooos2  o0.9955 o0.09s6 | 00957 00959 | 09960 0.0961 | 0.9962 0.9963  0.9964
2.7 || o065 0.0066 0.9967 | 0.9968 09960 | 0.9970 0.9971 | 0.8972 0.9873  0.9974
2.8-|| owov4a D097 0.9978 | 09977  0.9977 | 08978  0.90970 | 0.9979 0.9980  D.9981
2.0 || o.oe81 o0.9982° 09982 | 09983 09934 | 09934 ©0.0085 | 0.9985  0.9986  0.9986
a0 [ 00987 00087 0.0087 | 0.0085  0.0988 | 0.9980 0.0080 | 0.9989 0.0990  0.9990
31 || o.oas0 0.9981 0.0001 | 0.9991 09992 | 0.9992 . 0.9992 | 0.9992 0.0993  0.9993
2.2 || D.oge3 ©0.8993 0.0994 | 0.0994 0.9994 | 00094  0.9994 | 0.8095  0.9995  0.9995
2.3 || 00905 D.0995 0.9995 | 0.0996 00006 | 0.9996 0.9996 | 0.8996 0.9996  0.9997
34 || 0.0997 0.0097 0.9997 | 09097 ©.0097 | 0.8997  0.9997 | 08997  0.9987  0.9998
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DA | D285 410 mos | 0028 {11 T
0324920 | 1.000000 | 3077684 | 6313752 | 1270620 | 3182052 | &
| 0288675 | 0616497 | 1.885618 | 2915866 | 430266 | eecdss | 9
1 0276671 | 0764802 | 1637748 | 2253363 | 81825 | 454070 | &
0270722 | 0740697 | 1530706 | 2031847 | 237645 | 374695 | A
0267181 | 0726667 | 1475084 | 2015048 | 257058 | 336493 i o4
0260835 | 0717588 | 1439756 | 1943180 | 244691 | 4287 | &
| ozeate7 | oziniaz | 1414824 | 1894570 | 296462 | 209795 |
'mawzu. 0.706387 1395315 1859648 | 230600 | 2080645 | 8.

Y 1
1699812 g4 | 1812461 | 2z
| 0697445 0 | 1.795885
55033 | 0695483 | 135617 | 1782789 ;;

591 | 05693829 | 1i3s0iT1 | 1770033 | 246037 | 268031 | 2
u&azm 1245030 | 1761310 | g | 262448 | 2
| 0801107 | 1340606 | 1758050 | 243145 | 260248 | 2
| peoursz | 13gs75r | 1745884 | 20199 | 258340 | 2
7 | 0509195 | 1339370 | 1739607 | 20962 | 260698 | 2l
1 .‘lu,;zs?iza | messiss | 1380391 | 1739068 | 200032 | 255238 | A
19 | 0256923 | 0567621 | 127728 | 1729133 | 2008m | 253848 |
o | 0256743 | 06R6TE4 | 1:apsaM | 1724718 | 208536 | 252798 | 2
21 | 0.256580 | 0:686352 | 1.823188 | 1720743 | 2407961
2 Msaa‘sz | Doase0s | 1821237 wﬁm_; 207387
= .

0604550 | 1,3178%

P S —

=

=l o || gilen || es] pe

271808 | 3
268100 | 3
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TABLE E.&
Critical Values of y* -

Far & pmﬁéﬁinr number of dagrees of frosdom, endry represens the orifical vabua of e
carrespondSp to tha comutative prbability (1 — e} and z sporified upper-fail arez {a).

For larpws values oF dapreay of froedom (g the expression 2 = -Jz—f — ' Hgr} ~ | may bs used end tho resulting upper-{ail aves can ba foand
fiom fhe comulafive stmdsrdizsd aormeal distibudion {Tabls B2).



